ABStRACt: There has been a recent increase in the popularity of feeding unconventional diets, including whole prey diets, to domestic cats (Felis silvestris catus). Data are needed that allow animal caretakers to choose and formulate diets that meet the nutritional requirements of their cats. Our objective was to evaluate the effects of feeding 1-to 3-d-old whole chicks (WHO), ground adult chicken product (GRO), a chicken-based canned diet (CAN), and a chicken-based extruded diet (EXT) on apparent total tract energy and macronutrient digestibility, N balance, and blood metabolites of domestic cats (n = 11). Macronutrient, energy, and moisture concentrations of diets varied greatly (e.g., CP: 35 to 72% DM); however, cats fed all diets maintained BW and N balance. In general, cats fed WHO had lower nutrient digestibility than those fed CAN and EXT. Cats fed GRO had greater nutrient digestibility than cats fed commercial diets. For example, apparent OM and GE digestibility coefficients were greater (P ≤ 0.05) for cats fed CAN (86 and 88%, respectively), EXT (88 and 88%), and GRO (94 and 95%) compared with those fed WHO (83 and 83%) and greater (P ≤ 0.05) for cats fed GRO compared with those fed CAN and EXT. Many blood metabolites were modified by diet, but most remained within reference ranges for domestic cats. Serum cholesterol was elevated above the reference range for all treatments and greater (P ≤ 0.05) for cats fed WHO compared with those fed CAN, EXT, and GRO. Serum creatinine concentrations were above the reference range for all treatments and greater (P ≤ 0.05) for cats fed GRO compared with those fed CAN or WHO. These data indicate that the whole prey tested herein maintained short-term health and are adequately digestible for use in companion animal diets. Research is needed to determine the global and long-term health implications of feeding whole or ground diets to domestic cats, which may be different in terms of macronutrient, energy, and moisture profiles and nutrient digestibility.
IntRoduCtIon
For domestic cat (Felis silvestris catus) owners, there are a multitude of diet options, including commercially available extruded and canned diets that are more traditional and unconventional diets (e.g., vegetarian, natural, organic, and raw diets). Commercial extruded and canned diets are convenient and consistent products with complex diet formulations, including vitamin and mineral premixes that make them nutritionally complete (Streiff et al., 2002; Hill et al., 2009) . There has been a recent increase in feeding unconventional diets, including whole prey diets, to cats. Feeding whole prey mimics the diet of small wild cats, which typically eat rodents, other small mammals, reptiles, and birds (Plantinga et al., 2011) . Plantinga et al. (2011) estimated the diet of feral cats expressed on a DM basis would contain 88% OM, 63% CP, 23% fat, and 2.8% nitrogen free extract (nFE; i.e., digestible carbohydrates). This is in contrast to nutrient recommendations for adult domestic cats (CP: minimum 26% DM, and minimum fat: 9% DM; AAFCO, 2012) , which are the basis for commercial diet formulations. If these minimum concentrations are targeted for diet for-mulations, commercial feline diets may contain up to 50 to 55% carbohydrate, with commercially available extruded and canned diets containing an average of 44 and 24% NFE on a DM basis, respectively (Hill et al., 2009) .
Research is needed to highlight the potential nutritional advantages and disadvantages of whole prey feeding, including compositional analysis, acceptability, and apparent total tract macronutrient and energy digestibility of whole prey items. Nutritional data will allow pet owners to make educated decisions on whole prey feeding. It is necessary to determine the nutritional adequacy of whole prey and other raw-meat diets; thus, the risk of inadequacy can be addressed. Little research has been done to evaluate the apparent total tract macronutrient digestibility and ME content of whole prey diets and the impacts of feeding whole prey on blood metabolites in cats. The authors are aware of no studies that have compared the effects of whole prey to canned and extruded diet types in domestic cats. Because the nutrient requirements of domestic cats are typically used to estimate those for captive exotic cats, these data would also benefit animal husbandry for captive exotic felids (Vester et al., 2010a; Kerr et al., 2011 Kerr et al., , 2012 Kerr, 2012) .
Recently, nutrient digestibility of whole prey diet items was compared to traditional diet types in African wildcats (Felis silvestris lybica), but because of the restrictions of the zoo setting, only apparent total tract macronutrient digestibility was measured (Kerr, 2012) . The objective of this study was to evaluate the effects of 1-to 3-d-old whole chicks (WHo), ground adult chicken product (GRo), a chicken-based canned diet (CAn), and a chicken-based extruded diet (EXt) on apparent total tract energy and macronutrient digestibility, ME, N balance, and blood metabolites in domestic cats. Based on our previous experiments with raw diets and because of the large differences among dietary treatments (i.e., ingredient and nutrient composition and processing amount and technique), we hypothesized that the digestibility coefficients and ME values would be greater for the raw vs. canned and extruded diets. Serum metabolite concentrations, BW, and N balance of the cats were not expected to change.
MAtERIALS And MEtHodS
All animal procedures were approved by the University of Illinois Institutional Animal Care and Use Committees before animal experimentation.
Study Design
Eleven male domestic shorthair cats (mean age = 5.3 ± 0.0 yr) were used to perform a balanced 4 × 4 Latin square design testing 1 of 4 chicken-based dietary treatments: WHO (Rodent Pro, Inglefield, IN), GRO (Course Ground Michigan Chickens; My Pet Carnivore, Indianapolis, IN), CAN (Zupreem Exotic Felid Canned Diet; Premium Nutritional Products Inc., Shawnee, KS), and EXT (Iams ProActive Health Adult Original with Chicken; P&G Petcare, Cincinnati, OH). The raw whole prey treatments (GRO and WHO) were frozen (-20°C) after arrival and thawed in the refrigerator for 24 h before feeding. The CAN and EXT have Association of American Feed Control Officials (AAFCO, 2012) claims of nutritional adequacy as complete and balanced diets for cats. The GRO and WHO make no claims of nutritional adequacy and are usually fed by owners (domestic cats) or zookeepers (captive exotic felids) as is. All treatments were fed without additional ingredient supplementation so that data were most applicable to current feeding practices. All treatments were commercially produced and varied in dietary ingredient composition (Table 1) . Cats were fed to maintain BW (measured twice weekly) and body condition score (mean body condition score = 5 on a 9-point scale). Food was provided twice daily (at (Budde, 1952; AACC, 1983) , total dietary fiber (Prosky et al., 1994) , and GE (Bomb Calorimeter, Model 1261; Parr Instrument Co., Moline, IL) were determined accordingly.
For each cat, total fecal output was collected over 5 d for each period, composited, dried at 55°C, and ground through a 2-mm screen (Wiley Mill intermediate; Thomas Scientific). Composited fecal samples were analyzed for DM, OM, CP, GE, and fat concentrations as described for diet composition determination. Apparent total tract digestibility values were calculated using the following equation:
Total urine samples were also collected and stored according to Kerr et al. (2011) . Total urine samples were analyzed for GE and N concentrations as described for diet composition. Metabolizable energy was calculated using the following equation: ME = [GE intake
. Nitrogen balance was calculated using the following equations: total N output = fecal N output + urinary N output; absorbed N = N intake -fecal N output; and retained N = N intake -total N output.
Serum samples were collected on the final day of each period. Four milliliters of blood were collected from food-restricted (>12 h) domestic cats under physical restraint by femoral or jugular venipuncture. Samples were immediately transferred to tubes (BD, Franklin Lakes, NJ). All tubes were centrifuged at 1,100 to 1,300 × g for 15 min at 4°C. The supernatant was collected and stored at -80°C. Serum metabolite concentrations were determined (Hitachi 911 Clinical Chemistry Analyzer; Roche Diagnostics, Indianapolis, IN) by the University of Illinois Veterinary Diagnostic Laboratory.
Statistical Analysis
Data were analyzed using the Mixed Models procedure of SAS (SAS Inst. Inc., Cary, NC). The fixed effect of dietary treatment was tested. Period and cat were considered random effects. Differences were determined using a Fisher's protected LSD with a Tukey adjustment to control for experiment-wise error. A probability of P < 0.05 was accepted as statistically significant. Reported pooled SEM were determined according to the Mixed Models procedure of SAS. (Tables 1 and 2 , respectively). Because of the vast differences in ingredient and nutrient composition and processing methods among the diets tested, the effects of treatment may only be attributed to the diet as a whole. Food intake and fecal output data are presented in Table 3 . Cats maintained BW on all dietary treatments; however, intake and output varied greatly with treatments. As-fed intake was greater (P ≤ 0.05) for cats fed WHO compared with other diets and for cats fed CAN and GRO compared with those fed EXT. Dry matter intake was greater (P ≤ 0.05) for cats fed CAN and EXT compared with other diets and for cats fed WHO compared with those fed GRO. Diet-related water intake was greater (P ≤ 0.05) for cats fed WHO compared with other diets, for cats fed GRO compared with those fed CAN and EXT, and for cats fed CAN compared with those fed EXT. The total urinary volume excreted was greater (P ≤ 0.05) for cats fed WHO compared with those fed CAN, EXT, and GRO. As-fed fecal output was greater (P ≤ 0.05) for cats fed CAN and EXT compared with those fed GRO and WHO. Dry matter output was greater (P ≤ 0.05) for cats fed CAN compared with other diets and for cats fed EXT and WHO compared with those fed GRO. Fecal percent DM was greater (P < 0.05) for cats fed GRO compared with those fed CAN, EXT, and WHO, for cats fed WHO compared with those fed CAN and EXT, and for cats fed CAN compared with those fed EXT. Apparent total tract DM digestibility was greater (P ≤ 0.05) for cats fed EXT and GRO compared with those fed CAN and WHO. Apparent OM and GE digestibility coefficients were greater (P ≤ 0.05) for cats fed GRO compared with other diets and for cats fed CAN and EXT compared with those fed WHO. Apparent total tract CP digestibility was greater (P ≤ 0.05) for cats fed GRO compared with those fed CAN, EXT, and WHO. Apparent total tract fat digestibility was greater (P ≤ 0.05) for cats fed CAN and GRO compared with other diets and for cats fed EXT compared with those fed WHO.
RESuLtS

Ingredient and macronutrient composition was variable among dietary treatments
Digestible energy was greater (P ≤ 0.05) for GRO compared with other treatments, for CAN compared with EXT and WHO, and for WHO compared with EXT. Estimated ME was greater (P ≤ 0.05) for GRO compared with other treatments and for CAN compared with EXT and WHO. Estimated ME intake (as-is and based on metabolic BW) was greater (P ≤ 0.05) for cats fed CAN compared with other treatments and for cats fed EXT and GRO compared with those fed WHO.
Nitrogen intake was greater (P ≤ 0.05) for cats fed WHO compared with those fed the other treatments and for cats fed CAN compared with those fed EXT and GRO (Table 4 ). Fecal N excretion was greater (P ≤ 0.05) for cats fed CAN and WHO compared with those fed the other treatments and for cats fed EXT compared with those fed GRO. Urinary N excretion and N absorbed were greater (P ≤ 0.05) for cats fed WHO compared with table 3. Food intake, fecal output, apparent total tract energy and macronutrient digestibility, and estimated ME of domestic cats fed commercial and whole prey diets 2 ME = DE -urinary GE excretion. those fed the other treatments and for cats fed CAN and GRO compared with those fed EXT.
Reference ranges and blood metabolite data are presented in Table 5 . Cats fed all dietary treatments had serum creatinine and cholesterol concentrations above the reference range. Serum creatinine concentrations were greater (P ≤ 0.05) for cats fed GRO compared with those fed CAN and WHO. Serum cholesterol concentrations were greater (P ≤ 0.05) for cats fed WHO compared with those fed CAN, EXT, or GRO. Dietary treatment also impacted serum concentrations of alanine aminotransferase, glucose, urea nitrogen, total protein, alkaline phospatase, albumin, Na, P, nonesterified fatty acids, and triglycerides; however, all values remained within reference ranges.
dISCuSSIon
Regardless of diet type chosen, feeding nutritionally complete diets is an important responsibility of any pet owner. Research, including compositional analysis, acceptability, and apparent total tract macronutrient and energy digestibility of contemporary diet types, is needed so any risks of nutritional inadequacy can be addressed. All diets fed in the present study met the CP and fat recommendations for commercial diets formulated for domestic cats (AAFCO, 2012). Kerr (2012) reported that mineral concentrations in the 1-to 3-d-old chicks and adult ground chicken diets obtained from the same suppliers were below the recommendations; however, cats were exposed to these diets for only 21 d. Until mineral bioavailability data are available for whole prey diet items and recommendations specific for these diet types are established, the final diet should be formulated by using the recommendations for commercial diets.
Felids have evolutionarily lacked the need for rapid adaptation to a variety of diet types and are metabolically prepared for high metabolism of protein and fat, with less emphasis on utilization of carbohydrate. A decreased dietary protein to carbohydrate ratio (similar to feeding an extruded diet) has been suggested as a contributor of obesity in many species (Simpson and Raubenheimer, 2005) ; however, there is little research on this topic in felids (Vester et al., 2009; Bermingham et al., 2013) . None of the diets fed in the present study matched the estimated macronutrient profile of feral cats reported by Plantinga et al. (2011;  CP: 65% DM, fat: 23% DM, and NFE: 2.8%). It is likely that differences in macronutrient concentrations impact aspects of cat health; however, research is needed to determine the global and long-term health implications of different dietary macronutrient profiles.
There are also potential implications pertaining to dry diets, water intake, and urinary tract health (Kerr, 2013) . Greater total water intake could potentially increase urine volume, decrease urine saturation, and, thus, decrease the risk of urinary tract diseases in cats (NRC, 2006) . When fed a high-moisture diet (approximately 30% DM), the cat does not need to drink additional water to survive (Caldwell, 1931; Prentiss et al., 1959; Kane et al., 1981b) . Diet-related water intake was much lower in cats fed EXT (4 mL/d) compared to those fed CAN (87 mL/d), GRO (105 mL/d), and WHO (141 mL/d); however, only cats fed WHO had higher urine volumes (91 mL/d), while urine volume for cats fed CAN and GRO were similar to EXT (52 to 54 mL/d). These data indicate that cats fed dry diets adjust drinking water intake to meet their needs. Given the unique ingredient and nutrient composition of whole prey diets, research on urine saturation criteria is needed. If cats fed whole prey diets consistently have greater diet-related water intake and urine volume, whole prey diets may be beneficial. All cats maintained their BW and N balance. However, dietary serum metabolites were impacted by dietary treatment, and creatinine and cholesterol concentrations were above reference ranges for all treatments, even though the remaining serum metabolites were within reference ranges. More research is needed to determine if different reference ranges are necessary for cats fed whole prey diets and those fed commercial diets.
Differences in apparent total tract macronutrient digestibility coefficients may have been due to several factors, including ingredient composition, macronutrient composition, or processing procedures. A majority of research in domestic cats has focused on digestibility of commercial diets. Those studies that examined more unconventional diets have focused on protein and plant fiber sources of raw meat-based diets (Clauss et al., 2010; Vester et al., 2010a; Kerr et al., 2011 Kerr et al., , 2012 Kerr et al., , 2013a . Little attention has been paid to the inclusion and role of animal fibers, which would be inherent in whole prey diets (Clauss et al., 2010) . Data from captive exotic cats indicate that different animal fibers may impact digestibility and fermentation of diets; however, the role of these fibers in the diet and health of cats has not yet been fully elucidated (Depauw et al., 2012 (Depauw et al., , 2013 Kerr et al., 2013a) .
The authors are aware of only a few studies that have reported digestibility data for ground whole prey in domestic cats (Fekete et al., 2001 (Fekete et al., , 2004 and 1 that compared raw meat-based diets to extruded diets . Fekete et al. (2001) reported DM, OM, CP, and fat digestibility coefficients (81, 85, 85, and 99% digestibility, respectively) for ground heat-treated rats with supplemental minerals (CP: 55% DM; and fat: 31% DM). The DM, OM, and CP digestibility coefficients of the WHO in the current study were similar to those of ground rat; however, fat digestibility was lower for WHO compared with the rat in that study. The lower fat digestibility of the WHO fed in the present study compared to the rats studied by Fekete et al. (2001) may have been due to the lower fat concentration or mineral supplementation or the processing of rats (i.e., grinding, supplementation, and/ or heat treatment). Reduced fat digestibility has been reported for cats fed low fat diets (<10% dietary fat; Kane et al., 1981a , Kerr et al., 2013a . Although the fat concentration of WHO was greater than 10%, the available fat may be lower (e.g., fatty acids from phospholipids or fat encased in bone) or endogenous fat losses have been increased compared with diets with less abrasive matrices; however, further research is necessary to determine why fat digestibility was low for this treatment. Fat digestibility was also decreased for 1-to 3-d-old whole chicks fed to African wildcats (82% fat digestibility) but not for ocelots (Leopardus pardalis) fed whole chick diets (96% fat digestibility; Bennett et al., 2010; Kerr, 2012) ; however, in ocelots fed whole chicks, Bennett et al. (2010) also reported low GE digestibility (82%), which may not be consistent with the reported fat and CP digestibility coefficients (digestibility, 85%). Fekete et al. (2004) reported DM, OM, CP, and fat digestibility coefficients (86, 91, 94, and 99%, respectively) for ground chicken carcass (CP: 49% DM; and fat: 34% DM) with supplemental minerals, which were similar to those reported in the present study for GRO but greater than those reported for rat carcass (excluding fat digestibility; Fekete et al., 2001 ) and WHO. Apparent total tract macronutrient digestibility coefficients for GRO in this study were greatest, and, in addition to being similar to ground chicken carcass, they were within the ranges reported previously for raw meat diets (Vester et. al., 2008 (Vester et. al., , 2010a Kerr et al., 2013a,b,c) . Although grinding may have increased digestibility of the ground chicken treatment, these data indicate that prey size or age may also play a role. Decreased GE digestibility has been reported for fishers (Martes pennanti) fed a small mammal diet composed of 73% vole, 16% shrew, and 11% mouse (81% GE digestibility) compared with those fed deer meat, quail, and hare diets (91 to 93% GE digestibility; Davison et al., 1978) . In multiple python species, hair inclusion on mice can account for 2 to 7 percentage units of GE digestibility (Bedford and Christian, 2000) . The proportionately greater skin, fur or feather, and bone content of the small mammal and chick diets may reduce the GE digestibility and potentially explain the differences in digestibility between the GRO and WHO treatments fed in the present study.
Few comparisons of commercial and raw diets (raw meat based and whole prey) have been reported. There is evidence for increased digestibility of raw vs. extruded diets for domestic cats , sand cats (Felis margarita; Crissey et al., 1997) , and African wildcats (Vester et. al., 2010b; Kerr, 2012) . For example, Kerr (2012) reported greater apparent total tract OM, CP, and fat digestibility of a raw beef-based diet (91, 93, and 96% digestibility, respectively) compared with a dry chickenbased diet (84, 82, and 91% digestibility, respectively) . Organic matter digestibility coefficients of approximately 85% or greater are generally considered to be appropriate for contemporary commercial diets. Kerr et al. (2013b) recently evaluated digestibility of diets similar (i.e., same commercial diets from different lots) to those reported in the present study using African wildcats. The digestibility data were similar; however, more statistically significant differences were identified in domestic cats compared with African wildcats, which was likely due to a larger sample size used in domestic cats (n = 11 vs. 4). These data support the use of the domestic cat as a model for digestibility measures in small captive exotic cats; however, comparisons to more species are needed.
The CAN and EXT treatments are complex formulations with many ingredients. Some of these ingredients, such as dietary fiber sources, have decreased digestibility, which explains the decreased OM and GE digestibility coefficients for the CAN and EXT treatments compared with the GRO and may have contributed to the differences in fecal DM (Fekete et al., 2001 (Fekete et al., , 2004 Kerr, 2012) . The inclusion of 10% fiber (apple pomace, peanut hull, sugar beet pulp, or alfalfa meal) can reduce the OM digestibility of whole prey treatments for cats by 2 to 19% (Fekete et al., 2001 (Fekete et al., , 2004 . The decreased digestibility with fiber inclusion can be a reflection of many factors. The fibers themselves may have low digestibility and fermentability (e.g., cellulose) and thus add fecal bulk. On the other hand, fermentable fibers (e.g., beet pulp) provide energy for microbial growth (i.e., protein synthesis), which decreases the excretion of N in the urine and increases excretion of fecal N. Additionally, their characteristics may impact the digestibility of other ingredients by altering the viscosity, water binding capacity, and transit of digesta. The GRO and WHO had no added plant fiber; however, whole prey and raw meat items can be a source of nonfermentable and fermentable animal fibers (e.g., connective tissue, skin, bone, and feathers; Depauw et al., 2012 Depauw et al., , 2013 Kerr et al., 2013a) . Because the GRO did not include feathers, this may have decreased the fiber available to provide fecal bulk and fermentative substrates. As discussed before, in addition to not being ground, the high concentration of animal fibers present in the WHO likely contributes to the low digestibility of this treatment compared with the other treatments. From an animal management standpoint, high digestibility is beneficial because it limits the amount of feces produced and the amount of protein that reaches the colon and is fermented, resulting in smaller, less odorous stool. However, the impact that high digestibility may have on long-term animal health have not been ascertained. Additional bulking materials (e.g., cellulose, feathers, etc.) or fermentable compounds (e.g., gums, animal fiber, etc.) or both may benefit the cat by diluting energy and providing substrates for fermentation and the production of short-chain fatty acids that are beneficial to gut health (Depauw et al., 2012 (Depauw et al., , 2013 Kerr et al., 2013c) .
The GRO had the greatest digestibility coefficient (94% OM digestibility), while WHO had the lowest digestibility coefficient (83% OM digestibility) and CAN and EXT were intermediate (86 to 88% OM digestibility). Differences in apparent total tract macronutrient digestibility coefficients may have been due to several factors, including ingredient composition, macronutrient composition, or processing procedures. Digestibility coefficients (>85% OM digestibility) for the CAN and EXT are similar to those reported for contemporary canned and extruded diets. Processing, chicken age and size, and the inclusion of feathers/down likely contributed to the differences in digestibility of the GRO (i.e., ground, adult, with no feathers) vs. WHO diet (i.e., whole, 1-to 3-d-old chick with down included).
The macronutrient, energy, and moisture differences highlighted in the present study may impact aspects of cat health; however, research is needed to determine the global and long-term health implications. Until these are available, the data reported herein indicate that the whole prey tested maintained short-term health and are adequately digestible for use as ingredients in companion animal diet formulations. The data presented in the present study will improve the ability of animal caretakers to choose and formulate diets that meet the nutritional requirements of their cats.
